ABSTRACT: Sponges Halichondria panicea (Pallas) and Hymeniacidon perleve (Montagu) were collected over 12 mo from 2 sites in Lough Hyne (Ine), southwest Ireland. The associated amphipod fauna was identified and species comparisons were made between sponge species and sites. The number of species was similar in both sponges and at both sites, but considerably higher than that described from other places. Most species differed significantly in their relative abundance between sponges and sites. Two species, Leucothoe spinicarpa and Perrjerella audoujniana, were inqullinous in both sponges, while the other 30 species were epifaunal. The relationship between the sponge and the inquiline amphipods may be parasitic, and that with the epifaunal amphipods mutualistic. Over 70% of the amphipod fauna of both sponges at both sites was made up of Caprella acanthifera, Microdeutopus anomalus, Corophium bonnellii, and Lembos websteri. The dominant species differed between sponges and sites, but the level of dominance and species rank abundance was similar in both sponges and at both sites. The relationship between dominance and species richness, as descriptors of assemblage structure, is discussed.
INTRODUCTION
Amphipod Crustacea are known to be an important component of the fauga associated with the sponges Halichondria panicea (Pallas) and Hymeniacidon perleve (Montagu) (Long 1968 , Frith 1976 , Peattie & Hoare 1981 . In North Hayling, southern England, amphipods constituted 30.5 O/O of the species recorded on H. panicea and 29.0 % on H. perleve (Frith 1976) , and in the Menai Straits, northwest Wales, 37.0 % on H. panicea (Peattie & Hoare 1981) . In Lough Hyne (formerly Ine), the sponges H. panicea and H. perleve were collected from 2 sites. The associated amphipod fauna was examined in terms of species composition, number (richness), dominance, rank and relative abundance, for each species and each site.
STUDY AREA AND METHODS
Lough Hyne is a sheltered marine inlet, 1 X 0.75 km in size, on the southwest coast of Ireland. Its ecology ' Present address. Marine Biological Association, The Laboratory, Citadel H111, Plymouth PL1 2PB, England has been the subject of numerous studies, reviewed by Kitching & Ebling (1967) and documented by Wilson (1984) . Sea temperatures range from 8 to 18 'C (Costello 1987) , salinity 34.3 to 34.9 ' / a , and the tidal range is 0.7 to
m (&tching & Ebling 1967). The lough is divided into
North and South Basins by Labhra Island and Castle Island. The sublittoral has been divided into 6 major zones by JGtching et al. (1976) . Two sites were regularly sampled in this study; Curlew Bay which Lies on the north side of Labhra Is., and the south shore of the South Basin between Codium Bay and Glannafeen Quay. Curlew Bay is part of the 'shallow-inshore' zone (Zone I of Kitching et al. 1976) . It slopes gently from a beach which forms the isthmus between Labhra Is. and Castle Is. to about 4 m depth. The seabed is a silted shell gravel, with tufts of a filamentous red alga (Polysiphonia sp.). The most notable animals are the sea urchin Paracentrotus lividus Lamarck which occurs about the low tide mark, a bed of variegated scallops Chlamys varia L., and an abundance of the sponges Halichondriapanicea, Hymeniacidon perleve, and Subentes domuncula (Olivi).
The South Shore of the lough is part of Zone 11, a steep sloping 'rock-boulder' facies with soft mud between the boulders. Various algae, notably Cystoseira and an ephemeral Mesogloia sp., some tunicates (mostly Ascidiella aspersa 0. F. Miiller), the anemone Anemonia sulcata (Pennant), and the sponges Halichondrea panicea, Hymeniacidon perleve and Suberites domuncula occur on the rocks and boulders. However, colonies of H. perleve were generally smaller and less frequent than in Curlew Bay. S. domuncula was not further sampled after a preliminary investigation showed it to be without a macrobiota. Sponges of about 15 cm diameter were collected by SCUBA or snorkel diving, and sealed in plastic bags. On return to the laboratory (within 4 h of collection) the samples were stored at 4 'C. Confinement in the bags resulted in the amphipods leaving their tubes and crevices in the sponge, which facilitated sorting. Amphipods were removed by gently washing the sponge over a 1 mm sieve. The sponge was then carefully examined for any remaining epifauna, and teased apart to find infauna. Samples were fixed and preserved in 70 O/O ethanol. The remaining sponge tissue was dried at 60°C to constant weight.
Species were identified using techniques described by Chevreux & Fage (1925) , Lincoln (1979) , Myers & Costello (1984) , and Myers & McGrath (1984) . Nomenclature follows Costello et al. (in press ). It should be noted that Ampithoe helleri Karaman 1975 is considered to be a senior synonym of A. neglecta Lincoln 1976.
The proportional abundance of an amphipod species between the sponge species and sites was compared using a Z-test, such that Z = V6, and where n l , n2 = number of amphipods of species n in sponges (or sites) 1 and 2 respectively; NI, N2 = total number of amphipods from sponges (or sites) 1 and 2 respectively. Values of Z < 1.96 are not significant, if Z 2 1.96 then p S 0.05, if Z 2 2.57 then p S 0.01, if Z 3 3.89 then p 6 0.001.
The level of dominance is the proportion that the most abundant (or 'dominant') species constitutes of the entire sample. The Pearson product-moment correlation coefficient was used to compare trends in species richness (= number of species), dominance and abundance (Bailey 1981) . Species were ranked according to their abundance, and by assigning each species a number which remained constant (but the species posi.tion in the ranked species list changed) for each sponge and site, these ranks were similarly correlated.
RESULTS

Distribution
From 98 sponges sampled, almost 28000 adult amphipods of 32 species were collected ( The proportion of all amphipods that each species constituted from a sponge or site is given in Table 1 .
The significance of changes in this proportion between sponge species and sites was examined using the Ztest (see Table l for values and levels of significance). It is apparent that most species differ markedly in the proportion that they contribute to the amphipod fauna from the different sponge species and sites. Several species had a significantly greater relative abundance at a particular site on both sponge specles, and on a particular sponge at both sites (Table 3) . However, Corophium bonnellii was equally abundant on both Halichondrea panicea and Hymeniacidon perleve in Curlew Bay, but more abundant on the latter sponge on South Shore. Aora spinicornis was equally abundant at each site but in Curlew Bay it was more ... Richness. dominance and abundance
The degree of correlation between sponge size and species richness, dominance and abundance, was assessed for each sponge species (Table 4) . Sponge size was indicated from dry weight measurements, which ranged from 1.93 to 76.05 g for Halichondna panicea and 3.68 to 59.04 g for Hymeniacidon perleve. With increasing sponge size, amphipod abundance increased significantly and dominance decreased sig- Table 3 . Groups of amphipod species which occurred in significantly greater relative abundance at one for both Table 4 . Correlation coefficients between sponge dry weight. sponge species, or on one species of sponge at both sites.
amphipod species richness, dominance and abundance. Detailed statistics are given in Table 1 Upper Only 2 species, Leucothoe spinicarpa and Pernerella audouiniana, were found to occur inside the sponge (inquilinous). They were often found lying adjacent to the main inhalent canals. All other amphipods either lived in crevices on, built their tubes on, or were associated with algae and tunicates on the outer surface of the sponge. Male, ovigerous and non-ovigerous female, and juvenile L. spinicarpa were found inside sponges. Most P. audouiniana collected were adult sized but were not sexed. However, 2 ovigerous fema- There was no significant correlation between amphipod abundance and dominance. Species richness was negatively correlated with dominance and positively correlated with abundance for both sponges; both correlations were highly significant ( Table 4) .
DISCUSSION
Fauna1 associations
The amphipod fauna of the sponges Halichondna panicea and Hymeniacidon perleve may be divided into 2 groups: species that are inquiline, and species that inhabit the outer surface of the sponge. The former were represented by Leucothoe spinicarpa and Perrierella audouiniana in Curlew Bay and on South Shore. According to Ortiz (1975) , L. spinicarpa can spend its entire life cycle inside its host. Reliminary observations presented here suggest that the same is true of P. audouiniana. Barnard (1974) describes the 'inquilinous habit' as 'parasitic sucking', while other definitions of inquilinism state that the inquiline does not harm its host (Lincoln et al. 1982) . However, descriptions of the tissue reactlon of the sponge Tethya lyncurium Lamarck to Leucothoe spinicarpa (Connes 1967) , and of the sponge Suberities carnosus typicus (Johnston) to Perrierella audouiniana (Connes et al. 1971) , indicate that the sponge forms a protective envelope around the amphipod. P. audouiniana apparently remains in this 'gall' and suspension-feeds from the water flowing through the sponge (Connes et al. 1971) . In the present study, both inquilinous species were associated with the inhalent canals of the host sponge, where they would presumbably be in the best position to suspension-feed. L. spinicarpa is also a frequent inquiline of ascidians (e.g. Tattersall 1913 , Cotto 1959 , Ryland & Nelson-Smith 1975 , and it seems likely that it also suspension-feeds from the host's water current. These inquiline amphipods appear to be parasitic, because although not feeding directly on the host, they do feed on material which the host may have assimilated. Vader (1984) considers that amphipod associations with sponges are recent in origin due to the apparent absence of any distinctive morphological features related to their inquiline life-style. However, amphipods may not find distinctive adaptations necessary for the inquiline habit. Adaptations for suspension-feeding are likely to be similar for inquiline and free-living amphipods.
Other inquiline amphipods also occur in Lough Hyne. In areas of strong water movement, such as the Rapids and near open coast here, Colornastix pusilla and Tritaeta gibbosa are sponge inquilines (Costello 1987) . The former sits in the sponge oscula (Peattie & Hoare 1981) and the latter excavates a burrow in the sponge surface (Fage 1928) .
Epifaunal sponge associates may keep the sponge surface free of detritus by their feeding and tubebuilding actions. In return, the sponge provides a suitable surface which is perennial and physically stable. Hence, this association may be mutuahstic. Frith (1977) , in laboratory experiments, found that Microdeutopus anornalus and Corophiurn sextonae chose HaLichondria panicea and Hyrneniacidon perleve, rather than dried sponge or seaweed.
Species richness
The amphipod fauna of HaLichondria panicea and Hyrneniacidon perleve in Lough Hyne appears to be richer in amphipod species than that found on the same, or other, sponge species at other places (Table 5) . A study in a South Carolina (USA) saltmarsh recorded 13, 13, 14, and 18 amphipod species (total of (Biernbaum 1981) . Thus 9 to 18 amphipod species have been found associated with sponges in other study areas, compared to 25 to 27 species in Lough Hyne.
The amphipods of Lough Hyne have been particularly well studied, and 103 species have been recorded in the area to date (Costello 1987) . This richness reflects not only the attention of biologists but the wide range of aquatic habitats in Lough Hyne (Renouf 1931 , Kitching & Ebling 1967 . From each habitat locus, individuals may spread to less favourable habitats. For example, Jassa falcata is most abundant in the Rapids but was found only in low numbers on the sponges on the South Shore (Table 1 ). The richness of the amphipod fauna of sponges may therefore be a reflection of the rich habitat mosaic in this small sea lough.
Assemblage structure
The same 4 amphipod species ranked highest on both Halichondria panicea and Hyrneniacidon perleve in Lough Hyne. In North Hayling, Frith (1976) found that 3 species ranked highest on these same sponges and on Mycale macilenta. Although Biernbaum (1981) found greater differences in dominance and rank of amphipods between 4 sponge species in a saltmarsh, a group of 7 species between them constituted the 4 top ranking amphipods on each sponge. The 4 highest ranking species in the Menai Straits (Peattie & Hoare 1981) , i.e. Caprella lineans, Tritaeta gibbosa, Colornastur pusilla, and Jassa falcata, are characteristic of areas of strong water movement and have been recorded from the tidal Rapids and open coast at Lough Hyne (Costello 1987) . It would thus appear that geographical location and habitat type are more important than sponge species in determining the constitution of the amphipod assemblage.
Observations during the present study suggest that the sponges collected were at least l yr old when pended matter and rate of accumulation of detritus.
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Although sponge morphology was generally similar at both sites, H. perleve were smaller and less frequent on South Shore. In laboratory experiments, Nagle (1968) noted a competitive superiority of a species identified as Microdeutopus damnoniensis (Bate) (a doubtful identification in view of the known distribution of this species) over Corophium acutum Chevreux in slack water, and the reverse in fast-flowing water. He interpreted this to explain spatial distribution in the field.
Interactions between amphipods and other faunal elements may also be involved. In the present work, it is notable that whereas 19 species were conservative in their preference of sponge or site (Table 3) , Stenothoe monoculoides and Ampithoe helleri preferred different sponges at different sites in Lough Hyne. Hurlbert (1971) noted that dominance and richness tend to increase with sample size. However, although this was the case for richness in the present study, dominance decreased significantly with sample (sponge) size. In a review, Birch (1981) concluded that both richness and dominance generally increase together, yet these parameters were significantly negatively correlated (p < 0.001) in the present study. It should be noted that species richness should reach an asymptote with increasing sample size, and that this is not necessarily correlated with dominance. In a study of temporal succession in amphipods in Lough Hyne, richness was relatively constant after 4 mo of colonization but dominance was variable (Costello 1987) . Furthermore, a study of the spatial distribution of amphipods on algae in Tasmania (Edgar 1983) found no relationship between richness and dominance. These 2 parameters are useful descriptors of assemblage structure but their interrelationship (if any) is uncertain. Dominance appears particularly vulnerable to both spatial and temporal variation.
